We study the merger paradox, a relative of Harsanyi's bargaining paradox, in an experiment. We examine bilateral mergers in experimental Cournot markets with initially three or four firms. Standard Cournot-Nash equilibrium predicts total outputs well. However, merged firms produce significantly more output than their competitors. As a result, mergers are not unprofitable. By analysing control treatments, we provide an explanation for these results based on the notion of aspiration levels, and show that the same logic also operates when a new firm enters a market. These results have some general consequences for adaptive play in changing environments.
Among all counterintuitive results in game theory, Harsanyi's bargaining paradox and its relative, the merger paradox, stand out as both, particularly striking and real-world relevant. Cooperation in non-cooperative environments, they say, can be harmful. Harsanyi (1977, p. 203 ) considers a situation in which n players bargain about the division of a pie. In sufficiently symmetric environments each player will typically receive a share of 1/n. Now suppose two players enter into a coalition and act as one united player. Then, so Harsanyi points out, this is equivalent to a symmetric bargaining situation with n À 1 players. Hence, while two players receive 2/n as long as they act independently, they receive only 1/(n À 1) if they act jointly.
A similar logic underpins Salant et al.Õs (1983) merger paradox. Considering symmetric Cournot markets with homogeneous products and linear demand and cost, they show that bilateral mergers are never profitable as long as there are more than two firms to start with. As in Harsanyi's bargaining paradox, the merged party's profit share falls from 2/n to 1/(n À 1). In contrast to Harsanyi's case, the ÔpieÕ that is shared among firms is not exogenous. Through the merger, industry concentration increases and so do total industry profits. But the increase is not sufficient to offset the falling profit share. The two firms will find that merger was a bad idea. Essentially, two merging (or perfectly cooperating) firms in a Cournot market have an incentive to reduce their output to internalise the negative externalities they exert on each other. If the other firms were not to react to this output contraction, this cooperation would be profitable. However, in a Cournot market, the firms which are not part of the merger react to this anticipated reduction in output by an increase in their output. This strategic effect harms the merged firms.
In this article, we report results from experiments designed to test the merger paradox. More specifically, we study bilateral mergers in an experimental Cournot market with initially three and four firms, respectively. After the first phase of the experiment, two players consolidate and the second phase of the experiment begins with two firms being merged. The merged firms are jointly owned and profits are to be shared. 1 Implementing the bilateral mergers in markets that have been in existence for a while 2 allows us to observe the same group of subjects before and after the merger. This helps us to investigate whether markets with a merger history perform differently from markets in which a merger has not occurred, even if both have the same number of firms. 3 Our main result is that, contrary to the prediction for a Cournot oligopoly, postmerger markets are not symmetric. Merged firms behave systematically more competitively than nonmerged firms, i.e., merged firms produce systematically more than predicted, nonmerged firms systematically less. Moreover, nonmerged firms produce quantities that are, on average, best replies to the outputs of the merged firms, whereas the choice of the merged firms is not a best reply. As a consequence, the profits of the merging firms do not decline as drastically as predicted. On the contrary, the merging firms may even experience a transitory increase in profits in the short run and, in larger markets, they are roughly able to maintain their original profits (prior to merger) in the long run. The result is surprising as (pre merger) industry output is well predicted by the Cournot model. As with other studies of Cournot markets, 4 we find some collusion in duopoly markets such that total output is below the Cournot level. With three or four firms, the standard Cournot model predicts actual total output remarkably well. Also, the (post merger) adjustments in quantities players make are clearly anti-competitive and, insofar, in line with the predictions. But, regarding the merger paradox, our results depart distinctly from the predictions of Cournot oligopoly theory.
We present three possible explanations for this result:
(a) the mere fact that one firm has resulted from a merger renders the firm ÔstrongÕ and the whole market game asymmetric; (b) as the merged firms are jointly owned, fairness considerations shift output (and therefore profits) from unmerged to merged firms; (c) merged firms are committed to maintaining their original profits because of aspiration levels created in the pre merger markets.
1 This design feature is arguably in line with mergers in the field. Obviously, dividends go to two groups of share holders after the merger. 2 We depart from the Ôcross-sectionalÕ approach where markets with different numbers of competitors are compared in between-subject designs. Such Ôpure number effectsÕ have been studied, for example, by Fouraker and Siegel (1963) and, more recently, by Dufwenberg and Gneezy (2000) and Huck, Normann and Oechssler (2004) .
3 Previous experiments with this property include several papers by Davis and his coauthors. Davis and Holt (1994) study posted-offer markets with initially five firms. The merger involves three firms, but market power is held constant by design. Davis and Wilson (2000) also analyse posted-offer markets, but their experiments involve reallocation of plant capacity among firms which may or may not create market power. Davis and Wilson (2005) and Davis (2002) analyse mergers in markets with differentiated products. The experiments are designed to examine the behavioural relevance of the Antitrust Litigation Model. 4 A survey can be found in Huck, Normann and Oechssler (2004). To discriminate between these possible explanations, we conduct two further treatments. On the basis of the results, we can rule out explanations (a) and (b). We then study a third control treatment where, instead of a merger, we have entry of a new firm after a while. The aspiration level hypothesis predicts that incumbents will struggle in order to maintain their pre-entry profits. Remarkably, the hypothesis is confirmed despite the shrinking of industry profits which makes it more difficult to maintain profits than in the merger case where industry profits rise. Thus, we are left with a result that is reminiscent of early work by Cyert and March (1956) who -drawing on Simon's work 5 -argued that firmsÕ behaviour is guided by an Ôacceptable-level profit normÕ and provided empirical evidence that firms with declining market shares strive harder to increase sales than others.
We discuss the bearings of our findings on the empirical merger literature. We first point out that a structural approach to our data would yield wrong inferences. Assuming equilibrium play one would conclude from our data that the mergers induced cost advantages which they have not. As a consequence of this, a structural approach might also conclude that a merger increased welfare where, in fact, it has not. We also discuss several reduced-form findings as well as results from event studies on merger activity and compare them to our main insights -that, if a merger threatens to turn out unprofitable, the merged firm will resort to more competitive strategies and that, as a consequence, outsiders do not benefit as much from merger activity as predicted by Nash equilibrium.
The remainder of this article is organised as follows. In the next Section we present the predictions of Cournot oligopoly theory and the experimental design. Section 2 contains the data analysis and main results. It also discusses the literature on aspiration levels and implications for mergers. Section 3 concludes.
Theory and Experimental Design
In a series of computerised 6 experiments, we studied bilateral mergers in symmetric n-firm Cournot oligopoly markets. For all markets we used the following demand and cost functions. The demand side of the market was modelled with the computer buying all supplied units according to the inverse demand function
with Q ¼ P n i¼1 q i denoting total quantity, and q i denoting firm i Õs quantity. The cost function for each seller was simply
that is, marginal cost was constant and equal to one. The individual equilibrium output in the Nash equilibrium is
In what follows we will refer to these outcomes as the Cournot predictions. Alternative benchmark outcomes are the joint profit maximum and the competitive equilibrium. The symmetric collusive output for a firm is q i ¼ 99/2n, and price equals marginal cost if each firm produces q i ¼ 99/n. Subjects could choose quantities from a finite grid between 0 and 100, with 0.01 as the smallest step. Hence, the action space had a sufficiently fine grid for continuous action spaces to be approximated. Therefore, the above benchmarks are also valid in the experiment. 7 Subjects had information about demand and cost conditions so they could calculate best replies to the quantities of the other firms. This information was provided verbally (see the Appendix) and in the form of a Ôprofit calculatorÕ. The profit calculator worked as follows. When fed with data regarding the other firms (total quantities of the other firms), the calculator allowed the consequences of own actions to be tried out. Note that a profit calculator gives qualitatively the same information as a profit table which is often provided in Cournot experiments (Holt, 1985) . However, the profit calculator might help to avoid a bias due to the subjectsÕ limited computational capabilities. After each period, subjects were informed about their own quantity and profit and the aggregate quantity their competitors produced. 8 We studied bilateral mergers in markets with initially four and three firms (treatments Ô4 ! 3Õ and Ô3 ! 2Õ). Additionally, we ran a duopoly control treatment (Ô2constÕ). The duopoly control treatment consisted of 25 rounds only. In both merger treatments, subjects were informed that the experiment would consist of two phases, each comprising 25 rounds. They were, however, not told what would happen after the end of the first phase. After round 25 they received a new set of instructions informing them that a merger would occur. Table 1 summarises the design of our treatments (the treatments Ô4 ! 3GOÕ, Ô3 þ 1Õ, and Ô3 ! 4Õ will be introduced below).
The merger was conducted as follows. The firms that merged were chosen randomly. One of the subjects involved in the merger became responsible for making all actual decisions, while the other remained in the lab and was able to send messages to his or her partner. 9 The instructions made it clear that these messages were not binding. We allowed for these messages in order to keep the passive subject somewhat involved in the decision process. Profits were shared equally between the two of them and this was known to all participants.
According to the Cournot predictions, behaviour in each round of all treatments should depend only on the number of firms, i.e., one would expect to observe similar data in, say, the second phase of the treatment Ô3!2Õ and the duopoly control treat-7 The fine grid also has the advantage that multiple Nash equilibria due to the discretisation of the action space (Holt, 1985) can be avoided. 8 Note that this informational condition was not suitable for identifying individual quantities and profits. Among various different informational conditions, this setup led to outcomes which came closest to the Nash prediction in the four firm oligopolies in Huck et al. (1999 Huck et al. ( , 2000 . 9 Subjects could pick one of three possible messages: Ôproduce moreÕ, Ôproduce lessÕ or Ôproduce as much as beforeÕ. They were allowed to do so every five periods starting at the beginning of the second period after the merger. ment Ô2constÕ. Therefore, from (3), the prediction for industry output is Q(n) ¼ 99n/ (n þ 1).
All experiments were conducted at Technical and Humboldt University Berlin. We conducted six markets for each treatment. The six duopolies were run in one session. We had two sessions for each of the treatments Ô4!3Õ and Ô3!2Õ. Subjects were randomly allocated to computer terminals in the lab so that they could not infer with whom they would interact in a group. 126 subjects participated in this study including the control treatments Ô4!3GOÕ, Ô3þ 1Õ, and Ô3!4Õ. Subjects were students from various departments, recruited via telephone and e-mail. We varied the exchange rates dependent on the number of firms such that subjects would have made identical earnings at Nash equilibrium play. The average payoff was about euro 20.19 (at the time of the experiment roughly $20). Sessions for treatments Ô4!3Õ and Ô3!2Õ lasted about 90 minutes, the session for treatment Ô2constÕ about 50 minutes including instruction time.
Written instructions (see the Appendix) were distributed in the beginning of each session. After the instructions were read, we explained the different windows of the computer screen. When subjects were familiar with both the rules and the handling of the computer program, we started the first round.
Experimental Results
We present our results in several parts. In the first part, we focus exclusively on total output. As we assume constant marginal and average cost, total output perfectly measures the degree of competition and total welfare. In the second part, we analyse firmsÕ quantity setting behaviour , focussing on the importance of merger history. The effects of merger history are quantified with the help of a linear regression. Then we turn to firmsÕ profits thoroughly testing the merger paradox. For this purpose we test whether post-merger profits of merged firms are different from joint pre-merger profits. We also test whether, in line with the theory by Salant et al. (1983) non-merged firms gain from the merger. Finally, we discuss the results of three control treatments in order to identify a behavioural explanation for our findings. Table 2 provides information on average total output as observed in the experiment as well as the prediction. We classify the results by the last third before the merger and the first and the last third post merger. 10 Recall that the duopoly market (treatment Ô2constÕ) serves as a control market that lasted for only 25 rounds. Therefore, only average total quantity in the last third of this market is shown in Table 2 . Note that, unless we explicitly state otherwise, for all subsequent statistical tests and for the computation of standard errors, we take one group's average total output as one observation in order to account for possible dependence of observations within one group.
We focus on the behaviour in the last third of the first phase (pre merger) and the first and the last third of the second phase (post merger). This serves two purposes: First, we can analyse experienced, long-run behaviour by comparing the last thirds in which behaviour has settled down. Secondly, by comparing the last third of the first phase and the first third of the second phase, we can analyse the (potentially transient) short-run effects of the changes induced by the merger.
As a first step, we analyse whether markets in the first phase, i.e., before the merger, converge to the Cournot prediction. We answer this question by comparing observed average total output in the last third of the first phase with the predicted numbers. Consider treatment Ô2constÕ. Here, predicted industry output is 66.00, whereas we observe on average 60.01 units of output. This implies that our experimental duopoly markets are more collusive than the Cournot prediction. 11 Next, consider the markets with three or four firms prior to merger. Whereas the triopoly pre merger market is slightly less competitive than predicted (72.96 vs. 74.25), we find that the quadropoly pre merger market is slightly more competitive than predicted (81.17 vs. 79.20). Moreover, comparing total outputs in the quadropoly pre merger markets with those in the triopoly markets (81.17 vs. 72.96) and the latter, in turn, with those in the duopolies (72.96 vs. 60.01), we find that Ônumber effectsÕ are prevalent and statistically significant. 12 We summarise these results as follows 10 We discarded the last round of both phases because we wanted to eliminate end-game effects (which were significant in the duopoly markets). This left us with 24 rounds for each phase which we divided into thirds (1-8, 9-16, 17-24) . Comparing the thirds within each treatment it became obvious that behaviour only settled down in the last thirds. 11 Our finding is consistent with results in Holt (1985) or Huck et al. (2001) who report that collusion frequently occurs in repeated Cournot settings with fixed pairs of participants. 12 Using one-tailed Mann-Whitney U-tests, the p-levels are 0.0125 and 0.008, respectively.
Result 1. The experimental duopoly markets are more collusive than predicted. Total outputs in the three and four firm pre merger markets are close to the Cournot prediction.
Now consider the short-run effects induced by the merger. We compare average total quantities in the first third after the merger with those observed in the last third before the merger (treatments Ô3!2Õ and Ô4!3Õ). Inspecting Table 2 , we find that, immediately after the merger, total quantity in both markets drops drastically -from 72.96 to 63.27 in treatment Ô3!2Õ and from 81.17 to 70.34 in treatment Ô4!3Õ. In both cases, this decline in industry output is statistically significant. 13 Moreover, in both markets, total output drops to a value below the Cournot prediction for the post-merger Nash equilibrium. Therefore, we have
Result 2. In both markets the short-run effect of merger is more drastic than predicted. Total output drops below the Nash level.
Given some time for adjustment, subjectsÕ play may differ from that in the first third. Therefore, it seems worth having a look at the long-run effects induced by the merger.
Here, we compare average total quantities in the last third post merger with those observed in the last third prior to merger. Inspecting Table 2 again, we see that, during the second phase of the experiment, total quantities rise in both treatments. In fact, in both cases they converge to a value close to the Cournot prediction. In treatment Ô3!2Õ average total output converges to 67.70 in the last third of the second phase where the output for the Cournot prediction is 66.00; in treatment Ô4!3Õ average total output converges to 75.12 where the Cournot prediction of output is 74.25. Note that average industry output in the last third after the merger is still significantly lower than average industry output in the last third before the merger. 14 Summarising we have
Result 3. The long-run effects induced by a merger are in line with the prediction as average total quantities decrease from a value around the Nash equilibrium with n firms to a value that is close to the Nash equilibrium with n À 1 firms.
As argued in the introduction, we maintain that a market with a merger history may perform differently from one without a merger. If this is true at the aggregate level, output in post merger markets (last third) should be different from the output in pre merger markets (last third) with the same number of firms. However, the result above already indicates that this does not hold for three firms. Our experimental triopoly markets emerging from a merger do produce on average higher total outputs than triopoly markets without a merger history (75.12 vs. 72.96), but these differences are not significant. 15 With duopoly, we do find a stronger effect. From Table 2 , we observe that duopoly markets emerging from a merger are more competitive than the duopoly markets without a merger history (67.60 vs. 60.01). This difference is significant. 16 We summarise by
Result 4. Duopoly markets emerging from a merger are significantly more competitive than duopoly markets without merger history. This does not hold for triopoly markets.
The first part of this result indicates that our hypothesis, that history may matter, could indeed be relevant. Therefore, we turn in the next subsection to the analysis of firmsÕ individual behaviour.
Individual Outputs
The central question in this subsection is: does merger history matter at the firm level? Is merger perceived as something that is equivalent to the exit of one firm, or does the fact that one of the remaining firms is generated by the fusion of two firms distinguish this firm from the others? Table 3 shows average individual quantities for the two types of firms. We observe the following facts.
1. In post merger situations, the merged firms choose higher quantities than firms that have not been merged. This result is immediate from Table 3 . For both treatments Ô4!3Õ and Ô3!2Õ we find that this result holds across the entire postmerger phase. In the first third, there are significant differences between merged and non-merged firms. In the last third, however, the gap in average output is slightly smaller than in the first third and is no longer significant in treatment Ô3!2Õ. However, differences in treatment Ô4!3Õ are still significant. 17 2. Merged firms also produce higher quantities than firms in markets with no merger history but the same number of competitors. More specifically, we compare the first and the last third of Ô3!2Õ post merger with the last third of Ô2constÕ. And we compare the first and the last third of Ô4!3Õ post merger with the last third Ô3!2Õ prior to merger. In all four cases, the merged firm produces significantly more than a firm in a theoretically equivalent market without merger history. 18 3. Unmerged firms in (post merger) markets with three firms produce slightly less than firms in three firm markets without a merger history. In the case of two firms, they produce slightly more. However, both observations can be reconciled by considering the behaviour of the respective merged firms. Given the average quantity of a merged firm in the last third of Ô4!3Õ, the unmerged firms play almost exactly according to the Cournot solution for the resulting residual demand (which predicts 23.04 and compares to 22.62). Similarly, the unmerged firmsÕ best reply in the last third of Ô3!2Õ would be 31.33 which compares to an actual average of 31.25.
The last point is worthwhile illustrating. For each treatment let D be the difference between the Cournot solution for the residual demand given the merged firm's quantity, CS(q merged ), and the actual average of the unmerged firms output, q unmerg . That is
( Figure 1 shows histograms of D for the two treatments in the last third after the merger. The histograms reveal that in both treatments about 71% of all observations fall into the interval [À5, 5] . This suggests that unmerged firms indeed very often choose actions consistent with the hypothesis that they play Cournot with respect to the residual demand (which amounts in treatment Ô3!2Õ simply to playing the best reply against the merged firm).
Our experiments suggest that there is a behavioural asymmetry between firms. The data indicate that merged firms produce more and unmerged firms yield to this more competitive behaviour. A consequence of this asymmetry is that markets with a merger history are more concentrated than comparable markets in which a merger has never occurred. This shows nicely in Herfindahl indices. While, in general, the indices are pretty close to the prediction, we find that triopolies that have resulted from a merger are significantly more concentrated than triopolies without that history. 19 The latter average index is 3,450, the former average index is 3,950, which is a significant difference. 20 We summarise our observations in the following
Result 5. Merged firms produce more than their Cournot equilibrium share. Unmerged firms choose, on average, Cournot quantities with respect to the residual demand, given the output of merged firms. Accordingly, markets resulting from mergers tend to have greater Herfindahl indices.
In the next subsection we supplement our analysis of individual differences by a regression that indicates the quantitative effects of merger history.
A Panel Model
In order to assess the explanatory power of merger history we estimate the following panel regression model:
where q it is the individual quantity set by firm i in period t, m i is the subject-specific random error component and e it is the overall error component. The explanatory variables included are as follows.
TRI and QUAD are dummies for market size. Markets with n ¼ 2 firms are the reference group. TRI(opoly) is the dummy for market size n ¼ 3 (i.e., TRI ¼ 1 if n ¼ 3 and TRI ¼ 0 otherwise), and QUAD(ropoly) is the dummy for n ¼ 4 (i.e., QUAD ¼ 1 if n ¼ 4 and QUAD ¼ 0 otherwise). HIS(tory) is a dummy for merger history. That is, HIS ¼ 0, if the decision stems from a round in phase 1 of the experiment (where no merger occurred) and HIS ¼ 1 if the decision stems from a round in phase 2 of the experiment (where a merger has previously occurred in the market). FUS(ion) is a dummy variable indicating whether or not the quantity is chosen by a firm that emerged from fusion, i.e., we have FUS ¼ 1 in the case of a firm that resulted from a merger and FUS ¼ 0 otherwise.
If firms followed the Cournot predictions, the parameters a 0 , a 0 þ a 1 and a 0 þ a 2 would equal the predicted equilibrium quantities chosen in Cournot oligopolies with 2, 3 or 4 firms, respectively, and the coefficients a 3 and a 4 would be equal to zero.
First we estimate the model without the dummy variables capturing market history and firm type. The results are shown in the left column of Table 4 . 21 A Hausman (1978) test, however, indicates that this model is misspecified as errors and regressor are correlated. Adding the market-and firm-specific history variables, HIS and FUS, resolves the problem. The estimation results of the full model are shown in the right column of Table 4 .
We make two main observations. First, the Cournot quantity predictions for the numbers a 0 , a 0 þ a 1 and a 0 þ a 2 are 29.783, 24.36 and 19.358 respectively. Thus, whereas firms produce on average a quantity below the predicted duopoly quantities, in triopoly and quadropoly markets, firmsÕ individual quantities accurately match the equilibrium predictions. Second, while the coefficient a 3 is negative but not significant, the coefficient a 4 is positive and both substantial as well as significant. This confirms that firms that emerged from a merger produce considerably more than others.
Profits
We turn to the question how merger affects the individual firmsÕ profits. First of all, we consider the prediction of Salant et al. (1983) that Cournot mergers are not profitable. Table 5 shows the average profits of the two firms involved in the merger for the last third prior to the merger, and for the first and last thirds after the merger. It also shows the expected profits for the Cournot prediction.
In treatment Ô3!2Õ the merging firms initially manage to sustain their profits. There is only a tiny difference (1202.6 first third after merger vs. 1214.6 last third before the merger). In later rounds the profit of the merged firms falls to 1112.6. In treatment Table 4 Results of the Regressions GLS random-effects panel regression Ô4!3Õ merging firms initially increase their profits by 14.6% from 773.0 to 886.1. In later periods merged firms see their profits drop back roughly to the original level (744.0 last third after the merger vs. 773.0 last third before the merger). Note also that in treatment Ô4!3Õ the merged firmsÕ profits stay far above the predicted equilibrium profits. Formal testing reveals that in contrast to the merger-paradox prediction, for both treatments we cannot reject the hypothesis that pre and post-merger profits (in the last thirds) come from identical distributions. 22 Thus, we find Result 6. When two firms merge in a market with four or three firms, in the long run, their profits remain unaffected.
Finally, we turn to the profits of outsiders of the merger. According to the Cournot prediction, they should rise. Table 6 shows the average profits of the outside firms for the same time intervals as above. Here, the qualitative Cournot prediction is fully confirmed, although the two competitors of the merged firm in treatment Ô4!3Õ are not able to reach Cournot profits.
Result 7. Average profits of outside firms increase substantially and significantly in both treatments. This is true in the short run as well as in the long run. 23
Comparing Tables 5 and 6 we observe that, once the merger has taken place, firmsÕ profits vary substantially even if we focus on the last third where the merged firms earn considerably less than in the initial adjustment phase. In the duopoly which results from the merger in treatment Ô3!2Õ, merged firms earn on average 18.5% more than their competitors, in treatment Ô4!3Õ this figure becomes even 49.7%. Statistically, only the latter difference is significant (p ¼ 0.038%, one-sided Wilcoxon).
Three Control Treatments
While the results from our main treatments are clear, it is not easy to determine the correct explanation for them. Given the institutional details of our design, we find three plausible explanations for what we observe:
(a) the mere fact that one firm has resulted from a merger renders the firm ÔstrongÕ and the whole market asymmetric; (b) as the merged firms are jointly owned (and profits are to be shared), fairness considerations may induce subjects to shift output from unmerged to merged firms; (c) merged firms are committed to maintaining their original profits because of aspiration levels created in the pre merger markets.
In order to be able to discriminate between (a) on the one hand and (b) and (c) on the other, we conducted a treatment which we will refer to as Ô4!3GOÕ. This treatment is identical to Ô4!3Õ with one exception: after the two firms that merge are selected, and after one of the two participants involved is chosen as the manager of the newly merged firm, the second subject does not remain in the laboratory and is sent away. This subject received, in addition to the earnings of the first phase, a flat payment of 5 euro and this was observed by all subjects. The remaining subject received the total profits of the merged firm. Again we conducted six markets.
The hypothesis based on explanation (a) is that we should observe the same asymmetry between merged and unmerged firms as in the main treatment. The alternative hypothesis, based on either (b) or (c), is that the differences between merged and unmerged firms disappear. (b) makes this prediction as now all participants earn the same amount in equilibrium, also post merger. And (c) makes the same prediction as the sole owner of the newly merged firm now makes higher profits than before, that is, profits above his/her potential aspiration levels. (We will elaborate on the notion of aspiration levels in detail below.)
The results of Ô4!3GOÕ are shown in Table 7 (total quantities) and Table 8 (individual quantities). From Table 7 , we observe that there are only slight differences with respect to total output in treatments Ô4!3Õ and Ô4!3GOÕ. For example, whereas total output in the last third before merger is 81.17 in treatment Ô4!3Õ, it is 80.11 in treatment Ô4!3GOÕ. Observed industry outputs in treatment Ô4!3GOÕ are slightly lower than in treatment Ô4!3Õ, but these differences are statistically not significant. 24 Next, consider (average) individual quantity choices of merged and unmerged firms in post merger situations as shown in Table 8 . The result is striking: whereas we find significant and substantial differences in individual output of merged and unmerged firms in treatment Ô4!3Õ (see fact 1 in Section 2.2), firms in Ô4!3GOÕ are more or less symmetric after the merger. 25 This clearly rejects explanation (a). History alone cannot explain the more competitive behaviour of merged firms in our main treatment.
Thus, we are left with the fairness explanation (b) and/or the aspiration-levels explanation (c). To discriminate between them, we designed a further treatment which we will call Ô3þ1Õ. This treatment is identical with the second (post merger) phase of our main treatment Ô4!3Õ, but there is no first phase. There is neither a merger. Instead, the instructions introduce two firms, one with a sole owner and one with two joint owners. The treatment consisted of 25 periods and, as with all other treatments, we conducted six markets. In Ô3þ1Õ explanations (b) and (c) make opposite predictions. If fairness matters, one would expect asymmetric outcomes as in our main treatment Ô4!3Õ. If instead aspiration levels are driving the results of our main treatment, one would expect symmetric Cournot-Nash equilibrium behaviour. With the first phase missing, aspiration levels have not been induced.
The results of treatment Ô3þ1Õ are also shown in Tables 7 (total quantities) and 8 (individual quantities). We focus exclusively on the last third when behaviour has settled down. Although not decisive for our two explanations, let us start by considering total quantities as shown in Table 7 . Total output in the last third of treatment Ô3þ1Õ is 75.38 and, thus, matches the Cournot prediction as closely as did the last third of the two other treatments.
Next consider (average) individual quantities as shown in Table 8 . We observe only a slight difference between the jointly owned firm and the two others. While the former produces on average an output of 26.98, the latter produce on average 24.20, roughly 10% less compared to roughly 25% in the main treatment. Moreover, the difference is not statistically significant. Thus, we can also rule out the fairness explanation (b). Indeed, among (a), (b) and (c), only (c), aspiration levels, remains as an explanation. Firm owners do not want to see their profits fall. Merger history seems to matter mainly because firms form aspiration levels prior to the merger.
In accordance with the notion of aspiration levels is also an effect we find in the messages that passive players could send to active players in the main treatments. In Ô4!3Õ, we find that the message Ôincrease quantityÕ was only sent if firms experienced decreasing profits in the prior round (which accounts for 80% of all these messages) or constant profits (which accounts for the remaining 20%). 26 In the two control treatments just described, the aspiration-level hypothesis is tested with regard to mergers. In a third control treatment (which was suggested by a referee), we tested the aspiration-level hypothesis for the case of entry of a new firm. In this control treatment, to which we refer to as Ô3!4Õ, markets in the first 25 periods consisted of three firms. Then a fourth firm entered the market and again 25 periods were played. 27 If aspiration levels actually drive subjectsÕ behaviour, we would expect that firms already active in the first phase produce more than the entrant after the entry. 26 Recall that the passive players were allowed to send messages in periods 7, 12, 17, and 22 of the second half. To analyse whether there are any other patterns in the messages we form groups based on the message sent. Then we compare the groups by analysing quantities, profits and changes in both prior to the message. We find that firms in which the passive player sent the Ôreduce quantityÕ message had a significantly higher output than firms where the passive player sent the ÔincreaseÕ message. This holds for both treatments. (The significance levels are p ¼ 0.02 for Ô3!2Õ and p ¼ 0.05 for Ô4!3Õ.) Also, we analyse whether active players followed their partnersÕ recommendations. We find that they do so in 30 of 60 cases. If the message indicates a change, i.e., if it is not ÔstayÕ, active players follow it in 21 out of 35 cases. 27 As in the all other treatments we conducted six markets. The experiments for this third control treatment were conducted in three sessions in each of which we ran two markets. In order to have smooth procedures, we decided to start the sessions with all subjects (including the entrant) already present in the lab. The two subjects who are inactive in the first phase were informed that they would only have to make decisions in a second phase of the experiment. These subjects received no information about the experimental situation in the first phase. We decided to compensate the subjects playing the entrant for the waiting time during the first phase. At the same time we had to make sure not to induce aspiration levels for these subjects. Therefore, at the beginning of the experiment the waiting subjects were informed that at the end of the experiment they would receive a fixed payment for the time they would spend waiting during the first phase. However, at this point no information was given about the exact amount of this payment. (The fixed payment they received for the first phase was euro 7.50.)
The reason is that aspiration levels will make them try to maintain pre-entry profits. The entrant has no aspiration levels and is accordingly willing to accept smaller profits.
Note that there are two important differences between the control treatment Ô3!4Õ and our main merger treatments. First, in treatments where two firms merge, post merger industry profits in the Cournot equilibrium increase whereas, in the Ô3!4Õ control, post entry industry equilibrium profits decrease. Second, in our main merger treatments, the aspiration level hypothesis says that one firm (the merged firm) will try to maintain its profits at the expense of three firms (the unmerged firms). In Ô3!4Õ, it is the other way round. Here, the three established firms should try to maintain profits at the expense of the entrant according to the aspiration level hypothesis. Both points suggest that it is much harder for established firms to maintain pre-entry profits in treatment Ô3!4Õ after the entry than it is for merged firms to maintain pre-merger profits after the merger.
The results of treatment Ô3!4Õ are shown in Tables 7 (total quantities) and 8 (individual quantities). Regarding total quantities (Table 7) , we observe in Ô3!4Õ that markets with four or three firms are more competitive compared to our main treatment Ô4!3Õ. What is important for the aspiration level hypothesis are average individual quantities of entrant and incumbents in the post entry phase of Ô3!4Õ. We observe that in the first third of the second phase incumbents produce on average 24.58 units whereas entrants only produce on average 16.50 units. In the last third of the second phase the difference is slightly less pronounced but still substantial: incumbents produce on average 21.74 units whereas entrants produce on average 18.44 units. These differences are significant. 28 These results support our aspiration level hypothesis, despite comparatively adverse circumstances.
Empirical Evidence on Aspiration Levels and Mergers
How do our findings fit with the results from the empirical industrial organisation literature? In this Section we review papers that directly suggested aspiration-level theory as an explanation for various phenomena including mergers. We then take a look at the empirical merger literature and check how findings in empirical industrial economics (structural and reduced-form) and in event studies using financial market data square with our results and aspiration level theory.
Aspiration-level theory can be attributed to Simon (1955 Simon ( , 1959 . Simon introduced the notion of satisficing as a contender for a new paradigm. 29 One of the building blocks of the new paradigm was that what decision makers find satisfactory is a function of outside comparisons and past experience. 30 Cyert and March (1956) were the first to 28 First third, second phase: p ¼ 0.02; last third, second phase: p ¼ 0.046 (one-tailed MWU tests). 29 Recently, aspiration level theory has experienced a renaissance that seems to be closely related to the rise of evolutionary and learning models. The Journal of Mathematical Psychology, for example, recently published a revised (and English) version of a classical German article by Sauermann and Selten (1962) on Ôaspiration adaptation theoryÕ (Selten 1998) . Examples of new models include Karandikar et al. (1998 ), Posch (1999 , Kim (1999) , Börgers and Sarin (2000) , Posch et al. (1999) , and Palomino and Vega-Redondo (1999) . Finally, papers studying traditional economic problems with aspiration-level models include Schmeidler (1995, 2001) who analyse how satisficing consumers react to price changes as well as Dixon (2000) and Oechssler (2002) who both study how behavioural rules based on aspiration levels can induce collusion in Cournot games. 30 For early experimental evidence see, e.g., Simon et al. (1954) .
apply the notion of satisficing to oligopoly theory and industry field data. They claimed that firms are guided by an Ôacceptable-level profit normÕ that is determined by experience and comparison and they also provided empirical evidence for this claim.
In particular, they found that often firms compete fiercely to increase their sales if they experienced declining profits. 31 Following Cyert and March (1956) , several empirical findings confirmed the importance of aspiration-levels. Perhaps the most well-known result that reference levels matter for economic behaviour is by Kahneman and Tversky (1979) . They document that risk-taking behaviour crucially depends on the reference levels of participants in experiments. Below the threshold, subjects are risk seeking and above the threshold they are risk averse. 32 There is also some field evidence that aspiration levels affect merger activity. For example, Samila and van Nordenflycht (2003) show that ÔtroubledÕ firms are willing to engage in mergers that are more risky.
There is also evidence that aspiration levels matter for post-merger performance (Leroy and Ramanantsoa, 1997; Sitkin and Pablo, 2004) with high aspirations being indeed associated with success. 33 Before turning to the empirical merger literature, we lay out the main implications of the aspiration-based theory for field data. The chief insight from the aspirations approach (which was confirmed in our data) is that, if a merger threatens to turn out unprofitable, then the merged firm will resort to more competitive strategies, for example, it will increase output. 34 Note that this does not imply that unprofitable mergers do not occur. Losses from a merger may simply occur by mistake. But if they occur, merged firms should, according to our theory, struggle in order to recoup at least some of the losses. The second main implication directly follows from the first. If merged firms increase their output, outsiders do not benefit as much as predicted by Nash equilibrium (and again this is what we found in our data). We will discuss further implications of the aspiration-based approach below.
We begin our review of the empirical merger literature with the structural approach to empirical industrial organisation -only to note that this literature cannot be of help for our endeavour. These studies cannot find evidence in favour of aspiration levels because the structural models typically do not allow for such deviations from Nash equilibrium behaviour. In other words, structural empirical modelling typically stipulates that observed outcomes stem from equilibrium play within a given, assumed structure. Our study shows that this might have its own dangers. An econometric analysis of our data that assumes equilibrium play would interpret the observed shift in relative output falsely by merger induced cost advantages and would also come to misleading welfare conclusions. Thus, the assumption of equilibrium 31 In our experiments, outside comparisons cannot influence behaviour by design but past experience can and, indeed, does. 32 Along these lines, the strategic management literature has shown that reference levels also matter in the field. Bowman (1980 Bowman ( , 1982 and Singh (1986) show that there is a negative relation between firm performance and the variance of firmsÕ returns, suggesting that poorly performing firms are willing to take higher risks, and that this can be attributed to aspiration levels (Bowman, 1982) . Mezias et al. (2002) demonstrate the role of aspiration levels in a financial services organization. Folta and O'Brien (2003) show that entry depends crucially on aspiration levels and past performance. 33 Divestitures have been shown to be affected by aspiration levels in a recent study by Shimizu and Hitt (2005) . 34 With price competition in a differentiated good market mergers should cause price increases. By and large this is what is observed in experiments; see e.g. Davis (2002) and Davis and Wilson (2005). play within a structural model in which aspirations are not accounted for does not only preclude finding anything on aspiration levels but would, in fact, lead to wrong inferences.
Among the set of reduced-form approaches, the most comprehensive recent empirical study is by Gugler et al. (2003) . 35 They consider a data set of 14,269 acquiring firms and 17,863 acquisitions that took place between 1981 and 1998. They compare actual profits and sales revenues in the five years that follow the acquisition with a reference state (estimates of profits and sales revenue in the counterfactual situation without the merger). Unlike in our experiments, these acquisitions took place voluntarily, and there are many factors that matter but cannot be controlled for, for instance, possible synergies on input or output markets, or changes in the financial structure. Compared with a reference state, for the overall sample, profits go up, not down, whereas sales go down. Horizontal mergers are profitable and significantly more profitable than in the overall sample. Comparing these results with our experimental findings, the profitability effects contradict the predictions of the merger paradox and are more in line with our aspiration-level effects. Of course, the results can also be attributed to other reasons, including efficiency effects. The change of sales revenue is not comparable with the change in output in our framework, as sales is the product of output and price, and the price may have gone up due to increased industry concentration, or down, due to efficiency increases. The comparison shows that it would be useful to study efficiency and market concentration effects of mergers separately; but this typically requires experiments. Gugler et al. (2003) also report a result that they cannot explain well, which, however, can be interpreted as an implication of aspirations. They sort each firm into a 2 Â 2 matrix which is spanned along the dimensions of changes in profits and sales. There are about 15.1% of all merger cases located in the cell (DP < 0, DS > 0) with lower profits and higher sales compared to what the two unmerged firms presumably would have had. Gugler et al. (2003, p. 650) find this outcome Ôsomewhat puzzlingÕ. One of their explanations is managersÕ desire for maximising size or growth. However, the performance of these firms is clearly in line with a situation in which the merged firms keep a high output level, or possibly increase their output level, when realising the merger reduces profitability unexpectedly.
There is a large body of empirical literature on mergers using financial-market data. Generally, merger announcements are greeted positively by the stock market, resulting in significantly positive abnormal returns. For a recent study of several hundreds mergers from 1980 to 1997, see, for example, Fee and Thomas (2003) . See also the meta-analysis by Bruner (2002) who surveys 130 previous studies on this very question. Of course, positive stock market responses are not evidence against our hypothesis. 36 35 Two previous studies consider directly the effects of merger on market shares. Goldberg (1973) considers a sample of 44 firms from an advertising intensive industry that made acquisitions in the 1950s and 1960s and finds no significant effect of merger on market shares. Mueller (1985) finds significant reductions in market shares, particularly for the group of horizontal mergers. Overall, these results are inconclusive, showing that the effects of merger on market shares are not uniform across firms, industries and time. 36 Increased share prices do not necessarily indicate increased profitability (and therefore they may not contradict the merger paradox) as recently pointed out by Stennek and Fridolfsson (2005) .
Such responses simply confirm that, if mergers are endogenous, only those should occur that promise to be profitable. 37 Andrade et al. (2001) also report significant positive abnormal returns on the stock market for the merged firm (acquirer and target combined) when using a three-day window around the merger announcement. Interestingly, when they apply a longer window, beginning several days before the merger announcement and ending at the close of the merger, abnormal returns are still positive but cease to be significant. Our Result 6 is in line with this finding.
Perhaps even more relevant for our purposes is Fee and ThomasÕ (2003) finding that, contrary to the Nash prediction, the evidence on outsidersÕ profitability is mixed. For example, if mergers are blocked after having been announced earlier, theory predicts a negative stock market reaction. However, the data do not support this. Similarly, Banerjee and Eckard (1998) find that outsiders do far worse than predicted in the first great merger wave from 1897 to 1903. While this result may be due to cost reductions for the merged firms, aspiration levels in the merged firms in which the cost reductions from the merger are unexpectedly low may also contribute to the finding.
A general implication of our approach is that, anticipating the effects of aspiration levels on both insiders and outsiders, there is scope for more endogenous mergers. In particular we might expect to see merger activity in markets where the merger paradox would suggest that few mergers should go ahead (after all, the merger paradox says that mergers are not profitable and therefore should not occur). Fee and Thomas (2003) , for example, report substantial merger activity in a wide range of industries; for similar evidence, see Office of Fair Trading (1999) . This suggests that mergers are more ubiquitous than predicted by the merger paradox. Again, other reasons may account for this finding but aspiration levels may be one of them.
Finally, Gallet (2001) finds evidence that the adjustment of prices and output to the new industry equilibrium may take quite some time. He considers the steel industry. In three out of four major mergers, the adjustment to the new industry equilibrium took five years or less. But in one case the adjustment period took up to 15 years. Several explanations for the non-instantaneous adjustment to the new equilibrium market structure are offered, with price stickiness and slack in firmsÕ decision making among them. The aspiration level hypothesis is another alternative that can explain long adjustment processes.
Summary
In the experiments reported in this article, we test the merger paradox, a close relative of Harsanyi's bargaining paradox, in a laboratory experiment. We find that if there is some history preceding the merger, the paradox fails. Merged and unmerged firms behave, contrary to what theory predicts, differently from each other. In particular, merged firms behave more competitively than unmerged firms which is tolerated by unmerged firms who simply best respond.
Control treatments show that aspiration levels are likely to drive this result. After having experienced a certain profit stream for a while, merging firms find it hard to accept that their joining forces actually harmed them and they fight back by producing stubbornly more than they should. Their competitors still benefit from the new market constellation. So their aspiration levels are more than met which is probably why they so easily tolerate the competitive behaviour of their merged competitor. In our experimental markets, merged firms are at least able to sustain their pre-merger profits and they sometimes even improve profits in the short run. So, mergers do not lead to the losses the theory predicts. In a third control treatment we show that the same behavioural forces also operate in case of entry of a new firm. In line with the aspiration level hypothesis, incumbents produce consistently higher outputs than entrants.
Our research is consistent with the theoretical merger analysis by Levin (1990) . Levin studies a Cournot framework similar to Salant et al. (1983) but he allows for a variety of assumptions on post-merger behaviour. In particular, the merged firm may become a Stackelberg leader or a conjectural-variations player whereas unmerged firms are still modelled as adaptive Cournot players. Under this assumption, merging firms maintain or even increase their pre-merger output. Levin (1990) shows that in these cases mergers are profitable, and then they also increase welfare. Our experimental data fully support this approach of modelling merged and unmerged firms in different ways, and our results are consistent with some results predicted.
Our findings should have some relevance in more general classes of games where, after a while, rule changes occur. Agents that are prone to maintaining once established payoff levels, will not easily adjust to new equilibria. Instead, there will be a general tendency to more competitive Stackelberg-like behaviour -in particular if the underlying game is a game with strategic substitutes.
In each round the outputs of all four firms will be registered, the corresponding price will be determined and the respective profits will be computed.
From the second period on, in every period you will learn about the total output produced by the other firms and your own profit of the previous period.
Furthermore, you may simulate your decisions in advance. You can do this on the left side of the decision screen. You may simply enter an arbitrary value for your own output and for the total output of the other firms. After pressing the ÔcomputeÕ button, you will be shown the profit that would result for you in the upper left corner of the screen.
Once you have decided about your quantity, you enter it on the right-hand side of the screen and press the ÔOKÕ button.
In the first phase of the experiment, there are 25 periods. We will tell you about the rules for the second phase after the first phase is over.
Your payment consists of the earnings made in all periods. At the end of the experiment, your earnings will be changed into DM. You will receive 1 DM for every 300 ECU. At the beginning of the experiment, you will receive a initial payment of 500 ECU.
Instructions for the second phase of the experiment.
In the second phase of the experiment, two of the four firms in the market will merge so that there are only three firms left in the market. Which firms merge will not be decided by you but by a random choice of the computer. Before we start the second phase we will let you know whether or not you are participating in the merger.
The second phase of the experiment consists again of 25 periods. While the two firms which do not participate in the merger continue deciding about their output, only one of the two firms participating the merger will decide about the output of the merged firm. The other firm participating in the merger can only send a message to the firm which decides for the merged firm at the beginning of the second period (and at the beginning of the 7th, 12th, 17th, and 22nd period). More precisely, this firm can recommend producing ÔmoreÕ, ÔlessÕ or Ôas much as beforeÕ. This message will not be sent to the firms not participating in the merger. The decision about which of the two participants decides about output and who may send messages is again determined by a random computer choice. Note that the profits of the merged firms will be split equally. When you participate in a merger, you will get half the profit of the merged firm.
All firms, whether participating in a merger or not, will learn, from the second period on, in every period about the total output produced by the other firms and about the individual output and profit of the previous period.
Again, all participants who have to decide about output may simulate their decisions in advance.
Your payment in the second phase consists of the earnings made in all periods.
